Background: Melanoma accounts for the majority of skin cancer deaths. It has over thirty different subtypes. Different races have been observed to differ in multiple aspects of melanoma.
Background
Melanoma is the most dangerous type of skin cancer. In 2015, it is estimated that there were 73,870 new cases, and an estimated 9,940 people died of this disease [1] . It represents 4.5 % of all new cancer cases. The incidence of melanoma has been steadily rising since 1975 in the U.S. [2] . Melanoma has over thirty different subtypes with significantly different behaviors. In this article, the focus is on the following six most major subtypes. Melanoma in site (MIS) is an early form of melanoma with atypical melanocytes confined to the epidermis. Superficial spreading melanoma (SSM) is more common for the 30-50 years old, often on the trunk, and in women often on the legs. Nodular melanoma (NM) is more common for the 40-60 years old and twice as common in men. It has no horizontal growth phase and rapid vertical growth. Lentigo maligna melanoma (LMM) is more common for the 50-80 years old, especially with sun-damaged skin. It develops on the face in 90 % of cases. Acral lentiginous melanoma (ALM) presents up to 75 % of melanomas in non-Caucasian patients and occurs on acral surfaces. The last major subtype studied is malignant melanoma, NOS.
It has been suggested that there exist racial differences in multiple aspects of melanoma. Overall, Whites have a higher risk and poorer prognosis. Melanoma occurs more commonly in unusual anatomic sites (e.g., palms and soles) in minority populations than in Whites [3] . With rare occurrence and unusual presentation, the diagnosis of melanoma is often delayed in minorities, leading to more advanced stages. A few studies have been conducted, examining racial difference in melanoma. Examples include that by Du and others [4] , which linked the NLMS (National Longitudinal Mortality Studies) and SEER (Surveillance, Epidemiology, and End Results) databases and examined the effects of individuallevel socioeconomic factors on racial disparities in receiving treatment and survival. Another study examined racial differences in overall and melanoma-specific survival, stratified by receipt of surgical treatment and by specific types of surgical treatment [5] . Cormier and others [6] analyzed SEER data and quantified racial differences in clinicopathologic factors and survival for cutaneous melanoma patients. Results in the literature have not always been consistent. For example, Reintgen and others [7] reported differences in stage-specific melanoma outcomes between Blacks and Whites, however, Hemmings and others [8] reported no differences in outcomes in non-Whites versus Whites who were stratified by stage at initial diagnosis.
Despite the aforementioned efforts, to date, racial differences in melanoma still have not received sufficient attention. The goal of this study is to fill this knowledge gap and systematically describe racial differences for the six most major subtypes of melanoma using SEER data. Studying racial difference can assist better diagnosis, tailored treatment, and elimination of racial disparity. Analyzing and directly comparing multiple subtypes can provide valuable insights beyond single-subtype analysis [9] . This study differs from and complements the existing literature in multiple aspects. First, it analyzes the six major subtypes separately and can better accommodate cancer heterogeneity than studies that analyze melanoma overall [10] . Second, it analyzes patient characteristics, incidence, treatment, as well as survival for four major racial groups, and can be more comprehensive than those that focus on one specific aspect and fewer racial groups [5] . Third, different subtypes are analyzed on the same ground using the same techniques. Some of the existing studies have also conducted subtype analysis [9] . However, as they analyzed different study populations and adopted different statistical techniques, the results so generated may not be fully comparable.
Methods

Source population
The population-based sample was obtained from SEER (Surveillance, Epidemiology, and End Results) [11] , which is the most comprehensive population-based cancer database in the U.S., containing data from eighteen regional and state registries. SEER has multiple registry groupings for analysis, which cover different numbers of regions and different time period. SEER 9, 13, and 18, which are analyzed in this study, cover approximately 9.5, 14, and 28 % of the U.S. population, respectively [12] .
For each case, the first matching record was identified for analysis. Incident cases of melanoma of the skin -defined using ICD-O-3 site codes C440-449 and histology codes 8720-8790 -were selected. Different registry groupings were used for different analysis to maximize sample size. Specifically, for the analysis of patients' clinicopathologic features, SEER 9 contains data on cancers diagnosed between 1973 and 2011. Information is available on gender, marital status, age at diagnosis, age group, anatomic site, thickness of tumor, presence of satellite nodules, ulceration, lymph node extension, stage, treatment, and type of surgery. More details are available in Table 1 . The variable "anatomic sites" is defined using ICD-O-3 [13] . Anatomic body sites include skin of the face, head, and neck (C44.0-44.4), trunk (C44.5, including back, abdomen, and chest), upper extremity (C44.6), lower extremity (C44.7), and all "other or unknown" body sites which are combined into a single category. Four variables, including "satellite tumors" (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) , "4-Digit Extent of Disease (EOD 4)-extension" (1983) (1984) (1985) (1986) (1987) , "10-Digit Extent of Disease (EOD 10)-extension" (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) and "clinical stage (CS) lymph nodes" (2004) , are recoded to form the three-category satellite nodule variable. Three variables, including "type of melanoma" (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) , "extension" (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , and "CS site specific factor 2 ulceration" (2004), are recoded to form the threecategory skin ulceration variable. Skin ulceration status was not coded between 1983 and 1987, therefore, all 1983-1987 cases are coded as having "unknown" for ulceration. Five variables, including "regional lymph node involvement" (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) , "distant lymph nodes" (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) , "EOD 4 lymph nodes" (1983-1997), "EOD 10 lymph nodes" (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , "CS lymph nodes" (2004) , are recoded to categorize the extent of lymph node involvement. Treatment is analyzed both as a patient's characteristic and as a cancer response variable. For melanoma, removal by surgery is the most common treatment. Other options include immunotherapy, biologic 
Statistical analysis
Data on the six subtypes were analyzed separately. In the analysis of patients' characteristics, Chi-squared tests and ANOVA were used to compare across racial groups for categorical and continuous variables respectively. Ageadjusted incidence rates were computed using SEER*Stat and the U.S. Census 2000 data for age-standardization.
Five-year survival rates were calculated using SEER*Stat and an actuarial method. Treatment was analyzed using multivariate logistic regression, adjusted for age at diagnosis, gender, marital status, anatomic site, thickness of tumor, and ulceration. Survival was analyzed using multivariate Cox regression, adjusted for age at diagnosis, gender, marital status, anatomic site, thickness of tumor, ulceration, and treatment. Analysis not achievable using SEER software was conducted using SAS 9.3.
Results
Patients' clinicopathologic characteristics
Results are shown in Table 1 . Data on 376,797 patients are analyzed. For all variables of interest, significant racial differences are observed for multiple or all subtypes, and the patterns vary across subtypes. Specifically, for MIS, there are more male patients for NHW but more females for other races (p-value < 0.001). For NS, there are more male patients for NHW and HW but not the other two races. For LMM, there are more male patients across all races, although the percentages differ (p-value < 0.001). Significant racial differences in marital status are observed for all subtypes expect for LMM. Table 3 . Detailed logistic regression analysis results are available from the authors. For the first five subtypes and localized and regional NOS, the dominating majority of patients had surgery. For distant NOS, the distribution of treatment is: 38.0 % no surgery or radiation, 27.6 % surgery, 15.2 % radiation, and 19.1 % both radiation and surgery. In the multivariate logistic regression, there are no significant racial differences for the first four subtypes and localized and regional ALM. For the distant stage of ALM, the multivariate logistic regression generates a significant p-value (0.022). It is noted that this significance should be interpreted with cautions because of the small counts. For localized and regional NOS, significant differences are observed across races. For localized, NHWs had the highest rate of surgery (97.4 %), while Blacks had the lowest (94.6 %). For regional, Blacks had the highest rate of surgery (92.2 %), while HWs had the lowest (81.7 %). For distant, there are many more patients in the "no surgery or radiation treatment" category, and there is significant difference across races (p-value < 0.001).
Survival
The analysis is based on 70,898 (MIS), 74,490 (SSM), 16,286 (NM), 12,507 (LMM), 2,047 (ALM), and 100,865 (NOS) samples. The summary results are shown in Table 4 . Detailed multivariate Cox regression analysis results are shown in Table 5 in Appendix. The survival curves for up to five years are shown in Fig. 1 (all stages combined) and Fig. 2 (stratified by stage at diagnosis). Note that for MIS, the five-year survival rates are 100 % and thus not plotted. For SSM, the racial groups with the best five-year survival are Black (localized, 100 %), HW (regional, 74.1 %), and HW (distant, 46.8 %). For NS, the racial groups with the best survival are NHW (localized, 80.6 %), Asian/PI (regional, 62.9 %), and HW (distant, 34.4 %). For LMM, the groups with the best survival are Black and NHW (localized, 100 %), NHW (regional, 75.6 %), and Black (distant, 69.4 %). For ALM, the groups with the best survival are NHW (localized, 97.5 %), Asian/PI (regional, 62.1 %), and Black (distant, 28.7 %). For NOS, NHWs have the best survival with localized (97.2 %) and regional (61.4 %) tumors, and HWs have the best survival with distant tumors (17.0 %). For the first five subtypes, racial differences are not significant in the Cox regression after accounting for confounders. For NOS, significant racial differences are observed for the localized and regional stages. Figures 1 and 2 provide more detailed information on the survival rates between time zero and year five. Figure 2 shows that the localized stage has the best relative survival rates for all five subtypes. In contrast, the distant stage has the worst survival rates. The separation of survival curves is the most distinct for SMM with the localized stage, LMM with the localized and distant stages, and NOS with the distant stage, while there are some crossovers for the other subtypes.
Discussion
Main findings
The epidemiology of melanoma overall and its subtypes has been studied in a large number of publications. It has been noted that race causes differences in multiple aspects. However, most of the existing studies only include race as a confounding variable and have not paid sufficient attention. This study advances from the existing ones by comprehensively analyzing the six most major subtypes on the same ground for four largest racial groups. For the U.S. and other countries that have a significant race mixture, observations made in this study can provide valuable insights for public health and clinical investigators. Melanoma is a rare disease in minorities. For all subtypes, there are dominatingly more NHW patients. The counts for the other races are relatively small for some subtypes. This can be especially problematic in the stratified analysis, and thus some results should be interpreted cautiously. For all of the patients' characteristic variables examined in Table 1 , significant racial differences are observed for at least some, if not all, subtypes, and the patterns vary across subtypes. The development of melanoma is extremely complicated. The heterogeneity in etiology and presentation among subtypes have been previously noted [14] . The observed differences across races and across subtypes reflect the complex interactions of occupational exposures (especially to UV light,) environment (closer to the equator or at a higher elevation), genetic makeup (which, for example, causes difference in skin and hair color), family history, deficiency in the immune system, and socioeconomic status. Some of the observed across-subtype differences, for example in gender and marital status, can be confounded with other factors such as socioeconomic status. In the literature [6, 15, 16] , it has been suggested that minorities, especially Blacks and Hispanics, are more likely to be diagnosed at later stages and have advanced presentations. In our analysis, Blacks have stages later than the other races for all subtypes except for ALM. It has been suggested that this can be a consequence of economic, social, and cultural barriers such as low income, lack of insurance, lower levels of education, lower levels of melanoma awareness and knowledge, and lower rates of participation in melanoma screening [15, 17] . However in the literature, subtype-specific analysis of socioeconomic status is still lacking. The incidence of melanoma is extremely complex. The most prominent risk factor is exposure to UV light. A large number of potential risk factors have been suggested, including presence of fair skin, freckling and light hair, family history, personal history of melanoma and other skin cancers, older age, male gender, and xeroderma pigmentosum (XP) [18] . In addition, a large number of genetic risk factors have been suggested, including germline mutations such as CDKN2A (which leads to destabilization of p53), CDK4, BAP1, MC1R, and MITF, and somatic mutations for example in the RAS-RAF-MEK-MAPK and PI3K-PTEN-AKT pathways [19] . For five out of six subtypes, the overall incidence rate patterns are relatively consistent across races. It has been long noted that NHWs have a higher incidence rate. This can be attributable to certain physical characteristics (for example light skin and hair color), lifestyle factors (for example more exposure to UV light), genetic risk factors, as well as others [20] . The analysis also suggests that there exists interaction between gender and race -it is observed that females have higher incidence among HWs for MIS and SSM, but for other cases, the trend is reversed. Previous studies have noted the interaction between gender and age for incidence [21] . However the interaction observed in this study has been less acknowledged. Some of the genetic risk factors may also interact with race. For example, all red-haired people have a mutated copy of MC1R. Overall, research on the distribution of genetic risk factors across races has been rare. The observation for ALM is different from the other subtypes. ALM is the most common type of melanoma in the Asian, Hispanic, and African populations. The fundamental difference of this subtype has been examined in the literature [22] and is not reiterated here.
The primary treatment for melanoma is surgical excision. Systemic adjuvant therapies (levamisole, interferon, vaccines, and chemotherapy) and radiotherapy may be considered for patients with high risk melanomas, including those with lymph node involvement and distant metastases. For most of the subtypes/stages, racial differences, although observed, are not statistically significant after adjusting for confounders. The difference observed for the distant stage of ALM should be taken with cautions because of the small sample size. For the localized stage of NOS, as most patients (at least 94.6 %) had surgery, the observed racial difference may not be clinically meaningful. For regional and distant tumors, the racial differences are more prominent. For regional tumors, Blacks had the highest rate of surgery (92.2 %), while HWs had the lowest (81.7 %). For distant tumors, all racial groups had more "scattered" treatment distributions. For a variety of solid tumors, racial differences in treatment have been well documented [23] [24] [25] . In particular, Blacks have been shown to be given less than optimal care [26, 27] . However, our analysis suggests that there is no such racial difference for melanoma treatment. A similar observation has been made for Blacks and Whites [28] . Treatment selection is a complex process involving multiple factors. The differences in patients' characteristics, as previously observed, contribute to at least some of the differences. In addition, it has been suggested in the literature that socioeconomic status, insurance status, disparity (that is independent of socioeconomic status), cultural and behavioral differences all contribute to treatment selection [29] . It is noted that such information is not available from SEER.
Analysis suggests certain racial differences in the five-year survival rate. For example for localized NM, NHWs and Blacks have survival rates 80.6 and 63.9 %, respectively. However, after adjusting for confounders, racial differences are significant only for regional and distant NOS, with Blacks having the lowest survival rates. Multiple factors contribute to melanoma prognosis. Published studies have suggested potential prognostic roles of lesion thickness, ulceration, lymph node involvement, age, gender, anatomic site, satellite lesion, serum lactic dehydrogenase (LDH), and others. The differences in patients' characteristics, as previously described, can contribute to survival difference. In addition, the aforementioned prognostic factors may also interact with race (for example the distribution of LDH varies across races [30] ). Racial differences in survival have been examined in the literature. For example, Collins and others found that both overall and melanoma-specific survival was lower in Blacks undergoing surgical treatment compared to Whites and other races [5] . However, reasons for these differences remain poorly understood. Several possible explanations have been raised. For example, compared to Whites, Blacks were more likely to be diagnosed at more advanced stages [16, 31] . They were also more likely to have tumor ulceration, satellite nodules, and regional and distant metastases [3, [32] [33] [34] [35] . Studies have also suggested that factors not measured in SEER, such as socioeconomic status, skin cancer awareness, and cultural and social values, may be related to racial differences in survival. Multiple genetic risk factors have also been suggested as having independent contributions to survival [36] . However, their interactions with race have not been examined.
Limitations
The SEER database is analyzed as it is the most comprehensive cancer registry in the U.S. However, it has limitations. The most significant limitation is a lack of certain important measurements, such as UV exposure, socioeconomic status, lifestyle, and genetic risk factors. In addition, the treatment information is also not complete: there is no information on chemotherapy, biologic therapy, and others. Connecting to other databases or more data collection are needed. This study may also have been hindered by the multiple coexisting classification schemes. Patients diagnosed before 2001 may have diagnosis codes from earlier ICD-O versions that need to be converted to ICD-O-3, which may have resulted in unclassified cases. SEER has multiple sites, and errors may arise in tumor classification and staging. However, we do not expect systematic errors correlated with race. The SEER population have a higher proportion of foreign-born patients than the general U.S. population. Combined with the fact that SEER is limited to the U.S. only, there may be concerns on the generalizability of findings.
Conclusions
This epidemiologic study has provided comprehensive descriptive statistics on racial differences in multiple aspects of major melanoma subtypes. Similar to many published studies of the same kind, it cannot reveal the underlying mechanisms that cause racial differences. However, it has been shown repeatedly in the literature that this kind of studies has extensive values. A major advancement of this study is its comprehensiveness: six subtypes are analyzed on the same ground, their patterns are compared, and multiple aspects of the disease are studied.
The analysis of SEER data suggests that racial differences exist among the six major subtypes of melanoma in the U.S. in terms of patients' clinicopathologic characteristics, incidence, treatment, and survival. The observed differences vary across subtypes. Some plausible causes of such differences are provided. SEER data may be limited by lacking certain important information. More comprehensive data collection is needed to fully decipher the racial differences. Despite certain limitations, the findings of this study can be important for early detection, risk stratification, proper treatment selection, and elimination of racial disparities in melanoma.
